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MTF Analysis
• Spatial resolution of the AWiFS multispectral images was 
characterized by estimating the value of the system Modulation 
Transfer Function (MTF) at the Nyquist spatial frequency. 
• The Nyquist frequency is defined as half the sampling frequency,
and the sampling frequency is equal to the inverse of the ground
sample distance (GSD). 
• The MTF was calculated from a ratio of the Fourier transform of a 
profile across an AWiFS image of the Lake Pontchartrain Causeway
Bridge and the Fourier transform of a profile across an idealized 
model of the bridge. 
• Magnitude of the ratio normalized to the zero-frequency value 
provides the final MTF.
| FFT( image ) |
MTF = ---------------------
| FFT( scene ) |
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Target Selection
• The Lake Pontchartrain Causeway was selected as a 
target in this characterization because:
– it forms a long double bar target on a background of 
relatively dark and uniform water surface, and
– a model profile of this target can be constructed. 
• Direction of the bridge is also conveniently tilted from the 
pixel lines in the AWiFS images, and this tilt creates sub-
sampling in the image of the bridge profile that allows for 
sub-pixel reconstruction of the spatial response.
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“Pulse” Target
Lake Pontchartrain 
Causeway Bridge on the 
AWiFS image acquired on 
January 16, 2005.
Because of the presence of 
suspended matter in Lake 
Pontchartrain at the time of 
the image acquisitions, the 
water background was not as 
uniform as expected. Analysis 
was performed on only 
uniform sections.
Spectral bands 4 Near Infrared 
(NIR), 3 (Red), and 2 (Green) 
are shown as the Red, Green, 
Blue (RGB) colors, respectively.
Product GSD: 56 m
Digitization: 10 bits
Resampling: CC
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“Pulse” Method
AWiFS image is formed by convolution of the scene (bridges and 
shadows over water) with the point spread function (PSF).
Double pulse target: 
Lake Pontchartrain Causeway Bridge
AWiFS image of the Causeway 
acquired on January 16, 2005
Band 3 (Red), GSD 56 mQuickBird panchromatic image, GSD 0.7 m
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Target Images
January 16, 2005; Band 5 (SWIR) June 19, 2005; Band 5 (SWIR)
June 19, 2005; Band 4 (NIR)January 16, 2005; Band 4 (NIR)
Product GSD: 56 m
Digitization: 10 bits
Resampling: CC
Because of the background 
non-uniformity created by the 
lake’s suspended matter, the 
MTF analysis was conducted 
only for the infrared bands 4 
and 5 (NIR & Short Wave 
Infrared (SWIR)).
AWiFS images of the Lake 
Pontchartrain Causeway Bridge 
used in the MTF analysis
March 16, 2006 7
Stennis Space Center
2006 Civil Commercial Imagery Evaluation Workshop, Laurel, MD
Bridge Profile
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Bridge profile
• In the first step of the analysis, the 
rows of image pixels were aligned 
to each other to remove the bridge 
tilt and create a bridge profile with 
multiple, sub-pixel sampling. 
• Then, the pixels were aggregated 
over small, sub-pixel distance 
ranges to reduce noise in the 
measured bridge profile at a cost of 
decreasing spatial sampling. 
• The aggregated bridge profile was 
subsequently Fourier transformed 
and divided by the transform of the 
model bridge profile.
The model of the bridge profile was created based on known dimensions 
of the Lake Pontchartrain Causeway Bridge and on measurements from 
the high-resolution imagery.
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Bridge Profiles
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MTF Calculation
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As the image is formed by convolution of the scene with the 
system spatial response, and convolution is replaced with the 
product of Fourier transforms in the spatial frequency domain, 
MTF is calculated as a ratio of the transforms:
| FFT( image ) |
MTF = ---------------------
| FFT( scene ) |
MTF ≈ 0.15 
at Nyquist 
frequency
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MTF Results
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Results Summary
• Estimates of MTF at Nyquist frequency:
– AWiFS-A Camera
• Band 4 (NIR): 0.10
• Band 5 (SWIR): 0.05
– AWiFS-B Camera
• Band 4 (NIR): 0.15
• Band 5 (SWIR): 0.10
• These values are for resampled images (using Cubic 
Convolution)
• Results only preliminary (single images)
– More images need to be analyzed
– Future plans: at least five images for each camera (across 
the field of view, too)
– Improve bridge model (spectral reflectance, shadows)
– Develop error budget (Monte Carlo simulations)
REPORT DOCUMENTATION PAGE Form ApprovedOMB No. 0704-0188
1.  REPORT DATE (DD-MM-YYYY)
16-03-2006
2.  REPORT TYPE 
Conference Presentation
 4.  TITLE AND SUBTITLE
Spatial Resolution Characterization for AWiFS Multispectral Images
5a. CONTRACT NUMBER
NASA Task Order NNS04AB54T
 6.  AUTHOR(S)
Slawomir Blonski (1)
Robert Ryan (1)
Mary Pagnutti (1)
Thomas Stanley (2)
 7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
(1) Science Systems and Applications, Inc., Bldg. 1105, John C. Stennis Space Center, 
MS 39529
(2) Applied Research & Technology Project Office, Code PA30, Bldg. 1100, John C. 
Stennis Space Center, MS 39529
 9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
Applied Research & Technology Project Office, Code PA30, John C. Stennis Space 
Center, MS 39529
 8. PERFORMING ORGANIZATION
     REPORT NUMBER
10. SPONSORING/MONITOR'S ACRONYM(S)
13. SUPPLEMENTARY NOTES
Presentation for JACIE Civil Commercial Imagery Evaluation Workshop, March 14-16, 2006, U.S. Fish and Wildlife Service National Wildlife 
Visitors Center, Laurel, MD; sponsored by NASA/NGA/USGS; to be published in subsequent CD-ROM proceedings
12. DISTRIBUTION/AVAILABILITY STATEMENT
Unclassified/Publicly available STI per NASA Form 1676
19b. NAME OF RESPONSIBLE PERSON
Thomas Stanley
14. ABSTRACT
Within the framework of the Joint Agency Commercial Imagery Evaluation program, the National Aeronautics and Space 
Administration, the National Geospatial-Intelligence Agency, and the U.S. Geological Survey cooperate in the characterization of 
high-to-moderate-resolution commercial imagery of mutual interest. One of the systems involved in this effort is the Advanced Wide 
Field Sensor (AWiFS) onboard the Indian Remote Sensing (IRS) Resourcesat-1 satellite, IRS-P6. Spatial resolution of the AWiFS 
multispectral images was characterized by estimating the value of the system Modulation Transfer Function (MTF) at the Nyquist 
spatial frequency. The Nyquist frequency is defined as half the sampling frequency, and the sampling frequency is equal to the 
inverse of the ground sample distance. The MTF was calculated as a ratio of the Fourier transform of a profile across an AWiFS 
image of the Lake Pontchartrain Causeway Bridge and the Fourier transform of a profile across an idealized model of the bridge for 
each spectral band evaluated. The mean MTF value for the AWiFS imagery evaluated was estimated to be 0.1.
15. SUBJECT TERMS
spatial resolution characterization, AWiFS, Lake Pontchartrain Causeway Bridge
18. NUMBER
      OF 
      PAGES
11
19b. TELEPHONE NUMBER (Include area code)
(228) 688-7779
a.  REPORT
U
c. THIS PAGE
U
b. ABSTRACT
U
17. LIMITATION OF 
      ABSTRACT
UU
Prescribed by ANSI Std. Z39-18
Standard Form 298 (Rev. 8-98)
3.  DATES COVERED (From - To)
Jan. 2005-March 2006
5b. GRANT NUMBER
5c. PROGRAM ELEMENT NUMBER
5d. PROJECT NUMBER
SWR C15C-JC15-00
5e. TASK NUMBER
5f. WORK UNIT NUMBER
11. SPONSORING/MONITORING
      REPORT NUMBER
SSTI-2220-0070 (R)
16. SECURITY CLASSIFICATION OF:
The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing 
data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or 
any other aspect of this collection of information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate 
for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-4302. Respondents should be aware that 
notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.
